What is claimed is: 
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1 . A method of metallizingSa substrate, comprising: 
depositing a dual-purpose Iaydr on the substrate; 

electrochemically reducing Axufes on the surface of the dual-purpose layer; and 
electrochemically depositihJ-a-oOnductive interconnect layer on the surface of the 
dual-purpose layer. 

2. The method of claim 1 , wherein the dual-purpose layer comprises a material 
capable of reducing diffusion of the conductive interconnect material into surrounding 
materials, and wherein the dual-purpose layer comprises a material having a resistivity 
that allows electrochemical deposition of the conductive interconnect material. 

3 . The method of claim 1 , wherein the dual-purpose layer comprises a material 
selected from the group consisting of tungsten, tungsten nitride, and tungsten-silicon 
nitride. 

4. The method of claim 1 , wherein the material comprising the dual-purpose layer 
comprises tungsten. 

5 . The method of claim 1 , wherein the conductive interconnect material comprises 
copper. 

6. The method of claim 1 , wherein a voltage of at least about 0. 1 V and not more than 
about 1 V is applied during both the electrochemically reducing step and the 
electrochemically depositing step for a time period of from about 30 seconds to about 5 
minutes. 
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"7: — The method of claim 1, wlieiein a current of fronrabout 0.5 amps to about 10 amps 
and having a current density of from about 5 mA/cm 2 to about 25 mA/cm 2 is applied 
during both the electrochemically reducing step and the electrochemically depositing 
step. 

8. The method of claim 1, wherein a current of from about 0.5 amps to about 10 amps 
and having a current density of from about 10 mA/cm 2 to about 15 mA/cm 2 is applied 
during both the electrochemically reducing step and the electrochemically depositing 
step. 

9. The method of claim 1, wherein a current of from about 0.5 amps to about 10 amps 
and having a current density of about 12 mA/cm 2 is applied during both the 
electrochemically reducing step and the electrochemically depositing step. 



10. A method of metallizing a sub^ 
depositing a dual-purpose layer 
electrochemically reducing oxides 
electrochemical reaction cell comprising 
oxidized in the presence of the material 



^mpnsmg: 
abstrate; 

^surface of the dual-purpose layer in an 
ie formed from a material that can be 



KonH^ing the dual-purpose layer; and 
electrochemically depositing a conductiv^interconnect layer on the surface of the 
dual-purpose layer. 



1 1 . The method of claim 1 0, wherein the anode is formed from titanium or titanized 
platinum. 



electrolyte comprising the cation of the 




12. The method of claim 10, wherein ^electrochemical reaction cell contains a first 



ial used to form the anode. 

\ 
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13. The method of claim 10, wherein the anode comprises titanium mid Uurfirst 

electWe comprises titanium trichloride, titanium sulfate, titanium bromide, titanium 
trichloride, titanium iodide, titanium fluoride, or mixtures thereof. 

14. The method of claim 13, wherein the first electrolyte comprises titanium trichloride 
or titanium sulfate 



15. A method of metallizing a substrate, comprising: 
depositing a dual-purpose layer on the substrate; 

electrochemically redu^ng oxides on the surface of the dual-purpose layer utilizing 

a first electrolyte; and 

electrochemically depositing conductive intersect layer on the surface of the 
dual-purpose layer utilizing a seco^elejttrolyte. 



16. The method of claim 1 5, wherein th 
in a first electrochemical reaction cell an 



electrjzfchemically reducing step is performed 
i tfte. electrocTreHUcally depositing step is 



performed in a second electrochemical ri actiorXcell. 



17. The method of claim 15, wherein trie electrochVically/educing step and the 
electrochemically depositing step are peWorm^m^srn^e electrochemical reaction 
cell. 

18. The method of claim 15, wherein the electrochemical reduW step is performed 
using a first anode and the electrochemical depositing step is perfo^rned using a second 
anode. 

19. The method of claim 15, wherein the electrochemical reducing step and the 
electrochemical depositing step are performed using a single anode. 



Attorney Docket 303.658US1 



Client Ref. 99-0591 



O 

ill 
Si 

s s S 



20. \The method of claim 15, wherein the duai-purpose layer comprises a materid- 
selecVfrom the group consisting of tungsten, tungsten nitride, and tungsten-silicon 
nitride. 

21. The methdd of claim 15, wherein the material comprising the dual-purpose layer 
comprises tungsteh. 

22. The method of cla<m 15, wherein the conductive interconnect material comprises 
copper. 

23. The method of claim 15liherein the fijst anode comprises a material that can be 
oxidized in the presence of thdnWial con/prising the dual-purpose layer. 

24. The method of claim 15, wlerefrthe^st. anode is formed from titanium or 
titanized platinum, platinum, or Qopper. 

25. The method of claim 15, whlrein the f\t electrolyte contains the cationic species 
of the material comprising the first anode. 

26. The method of claim 15, wherein the first elecVolyte comprises titanium sulfate, 
titanium bromide, titanium trichloride, titanium iodid\ titanium fluoride, copper sulfate, 
or mixtures thereof. 

27. The method of claim 15, wherein the first anode is forrried from titanium and the 
first electrolyte is titanium chloride or titanium sulfate. 

28. The method of claim 15, wherein a voltage of at least about 0.\ V and not more 
than about 1 V is applied during both the electrochemically reducingttep and the 



Attorney Docket 303.658US1 



26 



Client Ref. 99-0591 



^siting step tor a time period of from abuuL 30 seconds to about 



JUS. 



us 



electrochemically dep' 
5 minutes. 



29. The method of claim 15, wherein a current of from about 0.5 amps to about 
10 amps and having a current densHv of from about 5 mA/cm 2 to about 25 mA/cm 2 is 
applied during both the electrochemically reduciprstei\and the electrochemically 
depositing step. \ A 



30. The method of claim 1 5 , wherein a cui 



10 amps and having a current density of froi iW 



snt of 66m about 0.5 amps to about 



iucW step and the electrochemically 



/cm 2 to about 15 mA/cm is 



applied during both the electrochemically re 
depositing step. 



31. The method of claim 1 5, wherein a currenHsftfota about 0.5 amps to about 
10 amps and having a current density of about 12 mA/cV 2 is applied during both 
electrochemically reducing step and the electrochemically\depositing step. 

32. The method of claim 1 5, wherein at least one of the electrolytes comprises: 
the cation of the material from which the conductive interconnect layer is made; 
a complexing agent; and 

a pH control agent. _____ 



33. The method of claim 32, wherein the conductive interconnect layer comprises 
copper and the electrolyte comprises copper sulfate. 

34. The method of claim 32, wherein the complexing agent is selected from the group 
consisting of ethylene diamine tetra acetate, boric acid, and malonic acid. 
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3i>. The method of claim 32, wherein the cumplexiug age nris-e th ylc nc d i amine tctra 
acetate. 



36. The method of claim 32, wherein the pH control agent is tetramethyl ammonium 
hydroxide, ammonium hydroxide, or potassium hydroxide. 

37. The method of claim 32, wherein the pH control agent is tetramethyl ammonium 
hydroxide. 

38. The method of claim 32, wherein the electrolyte exhibits a pH greater than about 7. 



4* 



39. The method of claim 32, wherein the electrolyte exhibits a pH greater than or equal 
to about 10. 

40. The method of claim 32, wherein the electrolyte exhibits a pH greater than about 7 
and less than or equal to about 12. 

41 . The method of claim 32, wherein the electrolyte exhibits a pH greater than about 
10 and less than or equal to about 12. 

42. A method of metallizing substrate, comprising: 
depositing a dual-purpose layer pn the substrate; 

electrochemically reducing oxi^s onjthe surface of the dual-purpose layer; and 

tive interconnect layer on the surface of the 
^lectrhoiemically reducing step and the 
electrochemically depositing step are performa^in a single electrochemical reaction cell 
utilizing a single electrolyte. 



electrochemically depositing a op: 
dual-purpose layer, wherein both the 



43. The method of claim 42, whereinS^dual-purpose layer comprises tungsten. 
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44. The method of claim 42, wherfei the electrolyte compnses: 

the cation of the material from \ichjheconductive interconnect material is made; 

a complexing agent; and 
a pH control agent. 

45. The method of claim 44, wherein th^co^d^e interconnect material comprises 
copper and the electrolyte comprises copper sulfate. 



46. The method of claim 44, wherein the complexing agent is selected from the group 
consisting of ethylene diamine tetra acetate, boric acid, and malonic acid. 



47 . The method of claim 44, wh^in 
acetate. 



the complexing agent is ethylene diamine tetra 



48. The method of claim 44, wherein the pH control agent is tetramethyl ammonium 
hydroxide, ammonium hydroxide, or potassium hydroxide. 

49. The method of claim 44, wherein the P H control agent is tetramethyl ammonium 
hydroxide. 



50. The 



method of claim 44, wherein the electrolyte exhibits a pH greater than about 7. 
method of claim 44, wherein the electrolyte exhibits a pH greater than or equal 



51. The 
to about 10. 

52. The method of claim 44, wherein the electrolyte exhibits a P H greater than about 7 
and less than or equal to about 12. 
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53. The method of claim 44, wherein the electrolyte exhibits a pH giealei diairtbwrt- 
10 and less than or equal to about 12. 



54. The method of^aim 42, wherein a voltage of at least about 0.1 V and not more 
than about 1 V is applied during both the electrochemically reducing step and the 
electrochemically depositing step for a time period of from about 30 seconds to about 
5 minutes. 



densly of fr< 



55 . The method of claim 42, 
10 amps and having a current 
applied during both the electrochefljii 
depositing step. 



aci 



ent of from about 0.5 amps to about 
!m about 5 mA/cm 2 to about 25 mA/cm 2 is 
allybdttcing step and the electrochemically 



56. The method of claim 42, wherein a cukento^fbm about 0.5 amps to about 

10 amps and having a current density ttft^ut 10 mA/cm 2 to about 15 mA/cm 2 is 
applied during both the electrochemically redu6i^g step and the electrochemically 
depositing step. 

57. The method of claim 42, wherein a current of froV about 0.5 amps to about 10 
amps and having a current density of about 12 mA/cm 2 ^applied during both the 
electrochemically reducing step and the electrochemically depositing step. 



58. An electrochemical reaction cejr comprising: 
an electrical power source^ 

a cathode d&tricall) cpfmected to the electrical power source; 
an anode |le)bdca^onnected to the electrical power source and the cathode; and 
an electrolyte comprising: 
a metal canon; 
a counterion; 



Attorney Docket 303.658US1 



30 



Client Ref. 99-0591 



a coinplexing agent, anj 

a pH control agent. 

59. The electrochemical reaction cell of claim 58, wherein the cathode comprises a 
substrate having a surface layer containing tungsten. 

60. The electrochemical Reaction cell of claim 58, wherein the metal cation is a cation 
of copper. 

61 . The electrochemical reaction cell of claim 58, wherein the metal cation and the 
counterion together comprise copper sulfate. 



62. The electrochemical reaction cell of claim 58, wherein the complexing agent is 
selected from the gjoup consisting of ethylene diamine tetra acetate, boric acid, and 
malonic acid. 



hi 



63. The electrochemical reaction cell of claim 58, wherein the complexing agent is 
ethylene diainine tetra acetate. 




64. \Tfte == slectrochemical reaction cell of claim 58, wherein the pH control agent is 
tetramethyl ammonium hydroxide, ammonium hydroxide, or potassium hydroxide. 



65. The electrochemical reaction cell of claim 58, wherein the pH control agent is 
tetramethyllammonium hydroxide. 



66. The electrochemical reaction cell of claim 58, wherein the electrolyte exhibits a pH 
greater th&n about 7. 
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67. Th e-ete ctrochemical reaction cell of claimo8, wherein the eleclrulyle exhibits a pH 
greater than or equal to about 10. 

68. The electrochemical reaction cell of dlaim 58, wherein the electrolyte exhibits a pH 
greater than or equal to about 7 and less pan or equal to about 12. 



69. The electrochemical reaction ceiybf claim 58, wherein the electrolyte exhibits a pH 
greater than or equal to about 10 and less than or equal to about 12. 



m 

Si 



J-3 



70. A semiconductor, comprising: 

a conductive interconnectjlayer electrochemically deposited onto a dual-purpose 

layer. 

71 . The semiconductor of claim 70, wherein the dual-purpose layer contains tungsten. 

72. The semiconductor of claim 70, wherein the dual-purpose layer is tungsten, 
tungsten nitride, or tungsten-silicon nitride. 

73. The semiconductor of claim 70, wherein the dual-purpose layer is tungsten. 



4) 



74. The semiconductor of claim 70, wherein the conductive interconnect layer is 
copper. 



75. A memory device, comprising: 
an address decoder; 
row access/circuitry; 
column access circuitry; 
control circuitry; 
an input/output circuit; and 
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ai i array of memo r^ree lls , whe r e i n at least one uiffie memuiy cells cumprises a 

conductive interconnect layer electrochemically deposited onto a dual-purpose layer. 

76. The memory device of claim 75, wherein the dual-purpose layer contains tungsten. 

77. The memory device of claim 75, wherei^l the dual-purpose layer is tungsten, 
tungsten nitride, or tungsten-silicon nitride J 

78. The memory device of claim 75, wherein the dual-purpose layer is tungsten. 



79. The memory device of claim 75/ wherein the conductive interconnect layer is 
copper. 



80. A semiconductor die produced from a semiconductor wafer, comprising: 

an individual pattern on I substrate that contains circuitry or integrated circuit 
devices, wherein the circuitw or integrated circuit device performs a specific function, 
and wherein aWeast one of the integrated circuit devices comprises a conductive 
interconnect layetr electrochemically deposited onto a dual-purpose layer. 



8 1 . Th^s|micondu^tor die of claim 80, wherein the dual-purpose layer contains 
tungsten. 

82. The semiconductor die of claim 80, wherein the dual-purpose layer is tungsten, 
tungsten nitride, or tungsten-silicon nitride. 

83. The yemiconductor die of claim 80, wherein the dual-purpose layer is tungsten. 



84. TJie semiconductor die of claim 80, wherein the conductive interconnect layer is 
copjpr. 
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85. A circuit module, comprising a combination of two or more semiconductor dies, to 
form a circuit module for enhancing or extending theT functionality of an individual 
semiconductor die, wherein one or more of the semiconductor dies comprises a 
conductive interconnect layer electrochemicallyyaeposited onto a dual-purpose layer. 

86. The circuit module of claim 85, wherein the dual-purpose layer contains tungsten. 

87. The circuit module of claim 85, wherein the dual-purpose layer is tungsten, 
tungsten nitride, or tungsten-silicon nirade. 

88. The circuit module of claim 85; wherein the dual-purpose layer is tungsten. 



fii 
I- 



89. The circuit module of clair^f 85, wherein the conductive interconnect layer is 
copper. 

90. An electronic system, comprising: 
one or more circuit modules and a user interface, wherein at least one of the circuit 

modules c^m^jses/ coij,9uctive interconnect layer electrochemically deposited onto a 
dual-purpos&^ayer. 



91 . The electronic system of claim 90, wherein the dual-purpose layer contains 
tungsten. 

92. The electronic system of claim 90, wherein the dual-purpose layer is tungsten, 
tungsten nitride/or tungsten-silicon nitride. 



93. The electronic system of claim 90, wherein the dual-purpose layer is tungsten. 
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ronic system of claim 90, wherein the conductive intei connect layei is 
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